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This invention relates to the transmission of 
guided electromagnetic waves and more particu 
larly to an impedance transforming section for 
connecting two wave guides which differ in char 
acteristic impedance. 
The object of the invention is to connect to 

gether without reflection two metal sheathed wave 
guides which have different characteristic imped 
acces 
One form of guide for electromagnetic waves 

consists of a metallic sheath within which is a 
core of dielectric material. The characteristic 
impedance of a wave guide of this type depends 
upon the dielectric constant of the core material. 
If two such wave guides having the same cross 
section but cores with different dielectric con 
stants are to be connected together without wave 
reflection it is necessary to insert a suitable im 
pedance transforming device therebetween. 

In accordance with the present invention there 
is provided an impedance transformer of simple 
construction which is suitable for this purpose. 
The transformer comprises a section of metallic 
sheath having the same cross-section as that of 
the wave guides to be connected and a length 
approximately equal to a quarter wave-length, 
The section has a dielectric core having an effec 
tive dielectric constant which is intermediate be 
tween the dielectric constants of the cores of the 
wave guides to be joined and of a value to provide 
an impedance match at each end of the Section. 
The core of the section may, for example, com 
prise a plurality of dielectric materials which 
differ in dielectric constants. One or more of 
these materials may be the same as used in the 
cores of the guides to be connected. The rela 
tive proportions of the materials are chosen to 
provide the desired impedance match. 
In One form of the transformer One of the Wave 

guides has a core of solid dielectric material and 
the other guide has a fluid core such, for ex 
ample, as air or some other gas. The core in the 
interposed section may, for example, comprise one 
or more projections of the core of solid material. 
In some cases it is preferable that the projections 
be symmetrical in cross-section. 
The nature of the invention will be more fully 

understood from the following detailed descrip 
tion and by reference to the accompanying draw 
ing in which like reference characters refer to 
similar or corresponding parts and in which: 

Fig. 1 is a perspective view, partly cut away, of 
one form of the impedance transforming section 
in accordance with the invention as applied to a 
sheath of rectangular cross-section; 

(C. 8-4) 
3. 

Figs. 2 and 3 are longitudinal cross-sectional 
views of alternative forms of the transforming 
section shown in Fig. ; 

Fig. 4 is a perspective view, partly cut away, 
5 of another form of the transformer; 

Fig. 5 is a perspective view of a circular imped 
ance transforming section, cut in two longitudi 
nally; 

Fig. 6 is a longitudinal cross-section of still an 
other form of the transformer; and 

Fig. 7 is a longitudinal cross-section of a wave 
guide attenuator having at each end an imped 
ance transformer of the type shown in Fig. 
or Fig. 5. 
Taking up the figures in more detail, Fig. 

shows in perspective a wave guide comprising a 
metallic sheath of uniform rectangular cross 
Section. The section 2 to the left has a core 3 
of Solid dielectric material such, for example, as 

20 nitro-wax or polystyrene. The section a to the 
right has an air core. Since the cores of the sec 
tions 2 and 6 have different dielectric constants 
the Sections will differ in characteristic imped 
ance. Therefore, in order to prevent wave re 

25 flection at the point of junction an impedance 
transforning section 5 must be interposed between 
the sections 2 and 4. In accordance with the in 
vention, section 5 has a length. A which is ap 
proximately equal to a quarter wave-length, for 

80 waves within the section and a dielectric core 
made up partly of the material of the core 3 of 
section 2 and partly of the core material of sec 
tion 4, which is air. By properly choosing the 
relative proportions of the solid core material 

35 and air in section 5 a good impedance match may 
be obtained at each end of the interposed sec 
tion 5. 
As shown in Fig. 1, the core 3 is extended into 

the section 5 in the form of two projections 6 and 
40 which extend from one side 8 to the oppo 

site one 9 and are parallel with and adjacent to 
the sides 0 and having the longer transverse 
dimension. The projections 6 and 7 may be con 
veniently formed by first filling section 5 with the 

45 material of the core 3 and then cutting out a rec 
tangular slot, as shown at 2. For some types 
of electromagnetic waves it is preferable that the 
slot 2 be centrally located, in order to preserve 
the symmetry of the structure, 
The proper width B for the slot f2 is perhaps 

best found by trial. A suggested procedure is to 
terminate the far end of section 2 in its charac 
teristic impedance and to introduce radio fre 
quency power at the right of section 4. The stand 

sing waves set up in section 4 are then measured 
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by a standing wave detector, and their ampli 
tude and position noted. Starting with a rather 
narrow slot in section 5, this is widened in Small 
steps, and at each step the standing wave is ob 
served and the length of section 5 readjusted if 
necessary so that the interface between section 4 
and section 5 will always be a position of voltage 
minimum in the standing wave pattern. Using 

- this procedure a width of slot will finally be found 
for which the standing wave entirely disappears, 
indicating that section 5 is properly matching sec 
tion 2 to section 4. 
Although the impedance transformer shown in 

Fig. 1 has two projections 6 and 7 it is to be un 
derstood that any number of projections, either 
more or less than two, may be used. Fig. 2, for 
example, is a longitudinal cross-sectional view of 
an alternative form, similar to the one shown 
in Fig. 1 except that the two projections 6 and 
7 are replaced by a single projection 3 which, 
for the sake of symmetry, is centrally located be 
tween the sides O and . The projection 3 has 
a length. A equal to a quarter wave-length and a 
width C chosen, as explained above, to provide 
an impedance match. 
The transformer shown in the longitudinal 

cross-sectional view of Fig. 3 is similar to the one 
shown in Fig. 1 except that the projection 7 has 
been omitted. Although the Structure is not 
symmetrical, it is suitable for use where only the 
dominant wave may be propagated in section 2 
and section 4. 

Fig. 4 is a perspective view of a transformer 
similar to the One shown in Fig. 1 except that the 
two projections 4 and 5 are parallel with the 
sides 8 and 9, instead of the sides 0 and if, and, 
instead of being adjacent to the sides with which 
they are parallel, are separated therefron. Here 
again, any number of projections, either greater 
or less than two, may be used, and one or more 
may be adjacent to the side 8 or 9. 

Fig. 5 is a perspective view showing the inven 
tion applied to a wave guide which comprises a 
metallic sheath 6 of circular cross-section. The 
impedance transforming Section 5 is formed by 
drilling into the solid dielectric core 3 a coaxial 
hole 7 of diameter D and depth A. Of course, 
any number of holes may be drilled. It is gener 
ally advisable, however, to locate the holes in 
such a way that axial symmetry is maintained. 

Fig. 6 is a longitudinal cross-section showing 
how the invention may be applied to a wave 
guide comprising a sheath 8 which may be 
either circular or rectangular in cross-section. 
The quarter wave section 5 is filled with a solid 
dielectric material 9 in which a number of air 
pockets or bubbles 20 are formed. The air pock 
ets 20 may, for example, be produced by some 
chemical process or by whipping a wax with a 
mechanical beater. Alternatively, the filler 9 
may be an amorphous granular material with in 
terstices 20 of air. Another method of obtain 
ing the air pockets 20 is by mechanically remov 
ing portions of the Solid material 9, as, for ex 
ample, by drilling holes which may extend in any 
direction and go either part way or all the way 
through the material. In any case, a sufficient 
amount of air is introduced that the effective di 
electric constant of the filler 9 is of the proper 
value to provide an impedance match at each end 
of section 5. 
The longitudinal cross-sectional view of Fig. 7 

shows the invention applied to a Wave guide at 
tenuator comprising a central section 2 to the 
ends of which are connected the impedance 
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4. 
transforming sections 22 and 23 for joining the 
attenuator without reflection to air-filled wave 
guides. Each of the sections 21, 22 and 23 has a 
metallic sheath 24 which may be either rectan 
gular or circular in cross-section. The Sections 
are joined together by means of the metallic 
bands 25 and 26 which preferably extend all the 
Way around the sheaths 24. The central Section 
2 is filled with a solid dielectric material 2. 
Each of the end sections 22 and 23, for a dis 
tance A equal to a quarter wave-length, is filled 
partly with the Solid dielectric material 2 and 
partly with air. If the sheath 24 is of rectangul 
lar cross-section, the transformer sections 22 and 
23 may be of the form shown in Fig. 1, 2, 3 or 4, 
or SOme modification thereof. If the sheath 24 
is circular, the end sections 22 and 23 may, for 
example, be of the form shown in Fig. 5. Also, 
of course, with either a rectangular or circular 
sheath 24 the sections 22 and 23 may be of the 
type shown in Fig. 6. The length E of the cen 
tral section 2 is chosen to give the desired over 
all attenuation for the attenuator. 
What is claimed is: 
1. An impedance transforming section for con 

necting together without reflection two wave 
guides, said section and each of said guides com 
prising a metallic sheath of the same cross-sec 
tion, one of said guides having a core of solid di 
electric material, the other of Said guides having 
a core of dielectric material which has a dielec 
tric constant different from that of said core in 
said one guide, and said section having a length 
approximately equal to a quarter wave-length 
and a dielectric core which has an effective di 
electric constant of a value to provide an imped 
ance match at each end of Said Section. 

2. An impedance transforming Section in ac 
Cordance with claim 1 in which said core of said 
Section comprises a plurality of dielectric materi 
als which differ in dielectric constants. 

3. An impedance transforming section in ac 
Cordance With claim 1 in which said core of Said 
Section comprises a Solid dielectric material and 
a fluid dielectric. material. 

4. An impedance transforming section in ac 
cordance with claim 1 in which said core of said 
Section comprises a solid dielectric material and 
a gaS. 

5. An impedance transforming section in ac 
Cordance with claim 1 in which said core of said 
Section comprises a solid dielectric material and 
al. 

6. An impedance transforming section in ac 
Cordance with claim 1 in which said core of said 
section is made partly of the material of said 
Core in said one guide and partly of the material 
of said core in said other guide. 

7. An impedance transforming section in ac 
cordance with claim 1 in which said core in said 
Other guide is a gas. 

8. An impedance transforming section in ac 
cordance, with claim 1 in which said core in said 
other guide is a gas and said core of said section 
is made partly of solid material and partly of 
gaS. 

9. An impedance transforming section in ac 
cordance with claim 1 in which said core in said 
other guide is air and said core of said section 
is made partly of the material of said core in 
Said One guide and partly of air.. - 

10. In a metal sheathed wave guide of uniform 
CrOSS-Section, a first section having a core made 
of a Solid dielectric material, a second section 
having a core of dielectric material which has a 
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dielectric constant different from that of said 
core in said first section and an interposed sec 
tion of quarter wavelength having a dielectric 
core which has an effective dielectric Constant 
of a value to provide an impedance match at 
each end of said interposed section. 

11. The combination in accordance with claim 
10 in which said core of said interposed Section 
comprises a plurality of dielectric materials 
which differ in dielectric COnstants, 

12, The combination in accordance with claim 
10 in which said core of said interposed section. 
comprises a solid dielectric material and air. 

13. The combination in accordance with claim 
10 in which said COre of Said interposed section 
is made partly of the material of said core in 
said first section and partly of the material of 
said core in said second section. 

14. The combination in accordance with claim 
10 in which said core in said second section is 
air and said core of said interposed section is 
made partly of the material of said core in said 
first section and partly of air. 

15. The combination in accordance with claim 
10 in which said core in said interposed section 
comprises a projection of said core in said first 
Section. 

16. The combination in accordance with claim 
10 in which said core in said interposed section 
comprises a symmetrical projection of said core 
in said first section, 

17. The combination in accordance with claim 
10 in which said core in said interposed section 
comprises a plurality of projections of said core 
in said first section. 

18. The combination in accordance with claim 
i0 in which said core in said interposed section 
comprises a plurality of symmetrical projections 
of said core in said first section. 

19. The combination in accordance with claim 
10 in which said core in said second section is 
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air and said core in said interposed section com 
prises. a projection of said core in said first 
section, 

20. The combination in accordance with claim 
10 in which said Core in said second section is 
air and said core in said interposed section com 
prises a plurality of projections of said core in 
said first-section. 

21. A metal sheathed wave guide of uniform 
cross-section containing a solid dielectric ele 
ment and a medium having a different dielectric 
constant, said element having a quarter wave 
length terminal portion of reduced cross-section 
extending into said medium for matching the 
impedance of the section of the guide containing 
said element to said medium. 

22. A Wave guide in accordance with claim 21 
in which said terminal portion is of uniform 
Cross-section. 

23. A metal sheathed wave guide of uniform 
Cross-section containing a solid dielectric ele 
ment and a medium having a different dielectric 
constant, said element having a quarter wave 
length terminal portion of reduced cross-section 
extending into said medium and the section of 
the guide containing said terminal portion hav 
ing an effective dielectric constant of a value to 
provide an impedance match at each end thereof. 

24. A metal sheathed wave guide of uniform 
cross-section containing a solid dielectric ele 
ment and a medium having a different dielectric 
constant, said element having at one end a lon 
gitudinal slot extending to a depth of a quarter 
Wave-length and the medium extending into said 
slot together with the material in which said 
slot is formed combining to provide an effective 
adielectric constant of proper value to match the 

40 

impedance of the section of the guide containing 
said element to said medium. 
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